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U N C K S I  F IED 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM x-161 

EFFECTS OF STING-SUPPORT INTERFEmNCE ON THE BASE 

PRESSURES OF A MODEL HAVING A BLUNT-NOSED 

CYLINDER BODY AND A CONICAL FLAXE AT 

MACH NUMBERS OF 0.65 TO 2.20* 

i By David E. Reese, Jr., and W i l l i a m  R.  Wehrend, Jr. 

SUMMARY 

** 
A wind-tunnel investigation was conducted t o  determine the  e f f ec t s  

of sting-support interference on the  pressures at the  base of a model 
incorporating a blunt-nosed cylinder body and a conically f l a r e d  a f t e r -  
body. The support consisted of a cy l indr ica l  s t i n g  followed by a s t i n g  
f l a r e  terminating i n  a cy l indr ica l  support. Various s t i ng  lengths and 
diameters w e r e  investigated over a Mach number range from M = 0.65 t o  
2.20 and at angles of a t tack  from 0' t o  18'. 
on body diameter) varied from a maximum of l.lX106 at  
minimum of 0.5X106 at 

h 

The Reynolds number (based 
M = 1.10 t o  a 

M = 2.20. 

The re su l t s  of the  invest igat ion showed t h a t  the c r i t i c a l  value of 
the  r a t i o  of s t i ng  length t o  model-base diameter was g rea te r  than 4.80 
at subsonic and transonic speeds and l e s s  than 2.55 at  supersonic speeds. 
Angle of a t tack  had negligible e f f e c t  on the c r i t i c a l  s t i ng  length.  
pressures a t  the model base were affected by changes i n  s t i n g  diameter 
a t  a l l  Mach numbers investigated.  For the  s t i n g  diameters considered, 
an increase i n  s t i ng  diameter made the pressure coef f ic ien t  a t  the  base 
more negative, t h i s  e f f ec t  being greatest  at M = 1.00. 

The 

INTRODUCTION 

? 

. I  

The need f o r  a complete understanding of the  e f f ec t s  of model-support 
interference on wind-tunnel t es t  r e su l t s  has long been recognized. The 
requirements f o r  a minimum-interference sting-support system f o r  an ogive- 
cylinder body with and without a b o a t t a i l  with turbulent boundary layer  
a t  Mach numbers from 0.60 t o  1.40 have been considered i n  reference 1. 
However, f o r  wind-tunnel investigations of shapes incorporating a f l a r e d  
afterbody to provide s t a b i l i t y ,  the  interference problem must be 
re-evaluated t o  insure minimum-interference s t ing  support systems. The 
present invest igat ion w a s  undertaken t o  provide informa-Lion on a model 
incorporating a blunt  -nosed cylinder and a conically f l a r e d  afterbody. 
The Mach number range of t h i s  study w a s  from 0.65 t o  2.20. - T i t l e  , Unclassified 

UNCLASSIFIED 



2 

Although reference l h a d  shown an e f f ec t  of support interference on .1 
4 

both the foredrag and on the  base drag (i.e.,  base pressure) of a model 
with boa t ta i l ing ,  the  interference e f f ec t  of the  support on the  base 
drag was the  more severe. Further,  the  r e su l t s  indicated no e f f ec t  of 
s u p p r t  interference on the  foredrag of a model with cy l indr ica l  a f t e r -  
body. Therefore, it w a s  considered adequate t o  confine the  present study 
t o  the e f f ec t s  of support in te r fe rerce  on the  model base pressures. The 
e f fec ts  of changes of e i t h e r  s t i n g  diameter o r  s t i ng  length as wel l  as 
t he  e f fec t  of t he  base diameter of the  conically f l a r ed  afterbody of the  
model on the  support interference were investigated.  

i 

NOTATION 

CP 

d 

D 

f 

2 

m 

M 

P 

q 

R 

X 

a 

CC, 

P - F, 

s, 
base pressure coef f ic ien t ,  

diameter of s t ing ,  in .  

diameter of model base, i n .  

length of model f l a r e ,  in .  

length of s t i n g  of constant diameter between model base and s t ing  
f l a r e ,  in .  

length of model, i n .  

Mach number 

s t a t i c  pressure 

dynamic pressure 

Reynolds number 

longitudinal s t a t i o n  measured from model nose 

angle of a t tack  r e l a t ive  t o  model axis  of symmetry, deg 

nominal angle of a t tack  

Subscripts 

f r ee  stream 

av average value 
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The invest igat ion w a s  conducted i n  the  Ames 6- by 6-foot supersonic 

The f l o o r  
wind tunnel, which i s  a closed-circuit ,  variable-pressure type with a 
Mach number range continuous from approximately 0.63 t o  2.30. 
and ce i l ing  of t he  tes t  sect ion are perforated t o  permit t e s t i n g  a t  
transonic speeds. 

Geometric charac te r i s t ics  of the  models and s t ing  supports inves t i -  
Two models d i f f e r ing  only i n  f lare  length gated are shown i n  f igure  1. 

were tes ted .  
r a t i o  of minor t o  major axis of 0.50, and t h e  minor axis al ined with the  
longi tudinal  axis of the  body. 
f l a r e  in s t a l l ed  on the  s t i ng  of smallest diameter i s  shown i n  f igure  2. 
The models w e r e  constructed of polished s tee l  while t he  s t ings  were made 
of Fiberglas around a s t e e l  core. 
Fiberglas sleeves were merely sl ipped over the  basic  s t i ng .  
were sanded smooth and painted. A s  shown i n  figure 1 three  s t i n g  lengths,  
three s t i ng  diameters, and two model-base configurations were investigated.  

The nose f o r  both configurations w a s  e l l i p t i c a l  with the  

A photograph of the  model with the  shor te r  

To increase the s t i ng  diameter, 
The s t ings  

It should be noted t h a t  t he  model-base locat ion i n  the  wind tunnel  
w a s  f ixed f o r  t h i s  invest igat ion t o  preclude possible influence of any 
longi tudinal  pressure gradients i n  t h e  tunnel. 
dummy s t i n g  flares were in s t a l l ed  ahead of the  s t i n g  f lare  of t he  model 
support system. 

To t e s t  shortened s t ings ,  

Pressure measurements were made at 12 o r i f i c e s  i n  the  model base as 
The pressure readings were photographically recorded shown i n  f igure  3. 

from a l iqu id  tube manometer (tetrobromoethane f l u i d )  f o r  later reduction 
and computation. 
6O, 12', and 18' at  Mach numbers from 0.65 t o  2.20. 
Reynolds number (based on the  model body diameter of 3.040 i n . )  with 
Mach number is  shown i n  f igure  4. 

Data were obtained a t  nominal angles of a t tack  of Oo, 
The var ia t ion  of 

ACCURACY OF DATA 

The accuracy of the  da ta  w a s  determined by the  least count reading 
of t he  various instruments involved. In  addition, at M = 1.00, the  
free-stream s t a t i c  pressure i n  the  wind tunnel  showed s m a l l  f luc tua t ions  
around t h e  mean s t a t i c  pressure as a r e su l t  of some unsteadiness i n  the  
flow. This affected the  accuracy with which both Mach number and base 
pressure could be measured. On the basis  of these f ac to r s  the  accuracy 
of the  da t a  w a s  determined t o  be: 

.-. M 50.010 
a +0.100 
cp 50.006 
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It should be noted t h a t  i n  ce r t a in  instances i n  the  tabulated data, J 4 

par t icu lar ly  a t  Mach numbers of 1.60 and 2.20, the  pressure coef f ic ien ts  
indicated f o r  o r i f i c e s  2 and 10 were i n  e r ror .  These erroneous readings 

i n  p a r a l l e l  with these pa r t i cu la r  o r i f i c e  systems f o r  monitoring purposes- 
A s  indicated i n  t ab le  I these questionable readings were not included i n  
the  computation of t he  average pressure coeff ic ient .  

w e r e  caused by excessive lag  introduced as a r e s u l t  of outside equipment rl 

RESULTS A.ND DISCUSSION 

The aerodynamic interference caused by a sting-type model support i n  
wind-tunnel experimentation has been shown i n  references 1 and 2 t o  r e s u l t  
from two causes: the  interference t o  the  flow resu l t ing  from the  proximity 
of t he  s t i n g  f l a r e ,  "the length effect ,"  and the interference resu l t ing  

Before considering these e f f ec t s  i n  the  l ight  of the  r e su l t s  of the  
present investigation, it might be w e l l  t o  consider f i r s t  t he  d i s t r ibu t ion  

?I from the presence of t he  constant-diameter s t ing ,  "the diameter e f f ec t .  

of pressure over t he  model base. 

-_  

+. 

Distr ibut ion of Pressure Over the  Model Base 

A l l  of t he  r e s u l t s  obtained i n  t h e  present invest igat ion are presented 
i n  tab le  I. 
been plotted i n  f igure  5 t o  show the  d i s t r ibu t ion  of pressure over the  
model base. 
radial distance from the  or ig in  at t he  angular displacement corresponding 
t o  the  r e l a t ive  angular posi t ion of t he  pa r t i cu la r  pressure o r i f i c e  on 
the model base. In  addition a c i r c l e  i s  shown of radius equal t o  the  
average of the pressure coef f ic ien ts  indicated by a l l  t he  pressure 
o r i f i ce s .  
change in  base pressure with angle of a t t ack  i s  not uniform over the  
surface of the  base. 
a t tack ,  an increase i n  angle of a t tack  causes an increase i n  the  magnitude 
of t h e  base pressure coef f ic ien t ,  but  t he  increase i s  faster at the  top  
of t he  model than at the  bottom. However, a t  18O t he  pressure d i s t r i -  
bution is  again uniform. The nonuniform va r i a t ion  of pressure d i s t r i -  
bution is most pronounced a t  subsonic Mach numbers and disappears at  a 
Mach number of 2.20. In  a l l  cases t h e  var ia t ion  i s  s m a l l  s o  t h a t  i n  the  
ensuing discussion of s t i n g  geometry e f f ec t s  only the  average pressure 
coeff ic ients  w i l l  be used. 

Typical r e su l t s  f o r  model configuration 1 (see f i g .  1) have 

I n  t h i s  f igure  the  pressure coef f ic ien t  i s  p lo t ted  as a 

It i s  in te res t ing  t o  note t h a t  f o r  a Mach number of 0.65, the  

S ta r t ing  w i t h  uniform pressure at zero angle of 

4. 

. 
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Effect of Sting Length 

The e f f ec t s  of s t i ng  length on the model base-pressure coeff ic ients  
f o r  a r a t i o  of s t i ng  diameter t o  model-base diameter of 0.451 are shown 
i n  f igure 6 f o r  various Mach numbers and model angles of attack. 
point of i n t e re s t  here i s  the c r i t i c a l  sting-length t o  base-diameter 
r a t io ,  defined as the minimum 2/D 
pressure coeff ic ient  a t  the model base as would be obtained with a s t i ng  
of i n f i n i t e  length. It can be seen tha t  at Mach numbers of 1.30 and 
above, t h i s  c r i t i c a l  sting-length r a t i o  is  smaller than 2.55, the  value 
f o r  the shortest  s t i ng  tes ted  i n  t h i s  investigation. A t  Mach numbers 
below 1.30, the c r i t i c a l  appears t o  be somewhat la rger  than 4.80, 
the value corresponding t o  the longest s t ing  tes ted,  par t icu lar ly  a t  a 
Mach number of 1.00. From a comparison of these resu l t s  with those of 
reference 1 which show c r i t i c a l  values of 2/D of approximately 2.60 
a t  
afterbody, it appears tha t  the f l a r ed  afterbody caused an increase of 
c r i t i c a l  at subsonic and transonic speeds but not a t  supersonic 
speeds. 

The 

required t o  obtain the same average 

2/D 

M = 1.40 and 4.00 a t  M = 1.00 o r  0.60 f o r  a model with cy l indr ica l  

2/D 

Using poten t ia l  theory, Tunnel1 has developed an expression f o r  the 
e f f ec t  of s t i ng  length on the pressure a t  the posit ion of the base which 
is  va l id  f o r  the subsonic speed range ( r e f .  2 ) .  The theore t ica l  curve 
has been plot ted in  f igure 6. It i s  seen t h a t  the theory predicts the 
var ia t ion  of base pressure with 2/D f a i r l y  well. As w a s  mentioned i n  
reference 2, agreement i n  the magnitude of the theore t ica l  and experi- 
mental pressures is  not t o  be expected since the theory does not take 
in to  account the presence of the model. 

Variation of angle of a t tack appears t o  have negligible e f f ec t  on 
the c r i t i c a l  2/D. 
by a s t i n g  of 3-ess than c r i t i c a l  
pressure coeff ic ient  a t  the model base. 

As shown by figure 6, the interference e f f ec t  caused 
2/D i s  t o  decrease the negative 

Effect of Sting Diameter 

The e f f ec t s  of s t ing  diameter on the model base pressure coeff ic ients  
f o r  r a t i o s  of s t i ng  length t o  model-base diameter of 4.80 and 4.31 are  
shown i n  f igure 7 f o r  various Mach numbers and model angles of attack. 
(It w i l l  be noted tha t  the data  f o r  Z/D = 4.31 were obtained with the 
model with the larger  f l a r e  ( f i g .  l).) 
possible t o  determine a c r i t i c a l  s t ing diameter t o  model-base diameter 
r a t i o ,  defined as the maximum 
pressure coeff ic ient  at the model base as would be obtained with a s t ing  

of increasing the s t i ng  diameter i s  t o  increase the negative pressure 

From these data it i s  not 
.-* 

d/D 

.L of "zero" diameter. However, f o r  the d/D ra t io s  considered, the e f f ec t  

fo r  obtaining the same average 
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coefficient at a l l  Mach numbers, t he  magnitude of the e f f e c t  being 
greatest  at angle of a t tack  near zero and more pronounced at Mach numbers 
near unity. The increase of pressure coeff ic ient  with increase of 
i s  i n  agreement with the  trends indicated i n  reference 1 f o r  d / D  r a t i o s  
greater  than 0.23 f o r  a model with no boa t ta i l ing .  
however, t ha t  reference 1 indicates an i n i t i a l  decrease of pressure 
coeff ic ient  with the  addition of a s t i ng  of f i n i t e  diameter f o r  a cyl in-  
dr icalmodel .  No attempt w a s  made t o  confirm t h i s  e f f ec t  i n  the  present 
investigation. 

d / D  

It should be noted, 

Also shown i n  f igure  7 i s  the  e f f ec t  of the l a rge r  f l a r e .  The points 
obtained with the  la rger  f l a r e  are denoted by flagged symbols. It can be 
seen tha t  the  increase i n  f l a r e  base diameter had a negl igible  e f f ec t  on 
the sting-diameter interference.  

CONCLUSIONS 

The results of the  invest igat ion t o  determine the  e f f ec t s  of changes 
of s t ing  length and s t ing  diameter on the  base pressures of a model 
incorporating a blunt-nosed cylinder body and a conically f l a r ed  a f t e r -  
body revealed the  following r e su l t s  : 

1. The c r i t i c a l  value of the  r a t i o  of s t i n g  length t o  model-base 
diameter, 2/D, w a s  g rea te r  than 4.80 a t  subsonic and transonic speeds 
and l e s s  than 2.55 a t  supersonic speeds. 

2. The e f f ec t  of a s t i ng  shor te r  than the  c r i t i c a l  2/D w a s  t o  
decrease the  negative pressure coef f ic ien t  at the  base of the  model. 

3. Angle-of-attack changes had negl igible  e f f ec t  on the  c r i t i c a l  
st ing-length t o  model-base diameter r a t i o .  

4. The pressures at the  model base were affected by changes i n  the  
r a t i o  of s t i ng  diameter t o  model-base diameter f o r  a l l  s t i n g  diameters 
and a l l  Mach numbers tes ted .  For the  s t i n g  diameters considered, an 
increase i n  s t i ng  diameter made the  pressure coef f ic ien t  a t  the  base more 
negative, t h i s  e f f ec t  being grea tes t  a t  a Mach number of 1.00. 

Ames Research Center 
National Aeronautics and Space Administrat ion 

Moffett Field,  Calif . ,  Ju ly  9, 1959 
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a, 
deg 

6.13 
12.37 
18.60 

6.23 

18.57 
.21 

6.68 
13.14 
19.48 

-0.06 

-.O5 

12.57 

-15 
6.47 

13.01 
18.25 
0 
6.31 

18.97 
.68 

12.67 

6.87 
13.08 
19.25 

‘ 

0.291 
.300 
.360 
.417 

,328 

.439 

.385 

.493 

.569 
,592 

-292 

-391 

~ 3 3 2  
-337 
.396 
.444 
.263 
.260 

.348 

.ui 

.303 

.149 

.174 

. l9l  

6 
3.272 

.383 

.bo7 
,436 
.284 
-403 
.429 
.463 
-389 
-531 
e589 
.599 
-330 
.367 
.4@ 
.446 
.244 
.e75 
.3l2 
.349 
. le7 
.154 

7 
0.281 

.381 

.407 

.439 

.294 
-399 
.429 
.464 
-390 
-527 
.588 
.600 
e330 
.366 
.4@ 
.446 
.252 
,278 
.312 
.349 
.122 
.152 

2 

0.307 

-390 
.432 
-327 

.320 

.334 

.410 

.461 

.424 

.479 
-555 
.648 
-354 
-365 
.bo2 
.455 
. S o  
.285 
.300 

a.c85 
a.122 
a.147 
a.167 

3 
0.309 

.322 
-390 
.436 
-327 
-335 
.413 
.462 
.419 
.478 
-562 
.642 
.357 
-368 
.407 
.462 
.280 
.287 
,317 
.123 
.155 
.173 
.191 

TABLF: 1.- TABULAIIED TEST RESULTS 

( a )  Model configuration 1 & 

..- 

M 
- 
0.65 

.80 

1.00 

1.30 

1.60 

2.20 

- 
5 

3.272 
.368 
.398 
.425 
.278 
* 392 
.424 
.454 
.386 
.522 
* 583 
.597 
.326 
.362 
.407 
.446 
.250 
.272 
.310 
.353 
.128 
.154 
* 177 
.194 

- 

- 

- 
12 

at o r i f i c e  - 
8 
- 

9 
3.295 
.361 
.386 

.301 

.384 

.424 

.452 

.384 

.518 

.582 

.595 
* 332 
.353 
.404 
.439 
.250 
.266 
* 309 
* 352 
.l22 
.149 
.174 

- 

.420 

.191 - 

I_ 

11 4 10 

1.301 
.366 

~ 

390 
.423 
* 307 
.388 
.425 
.456 
.394 
-513 
590 

-595 - 332 
-353 
-399 
.440 ’ .247 
.261 
.295 

3, .334 
.072 ’ .111 ’ .145 
.161 - 

0.284- 
e330 
-375 
.415 
.284 
.357 
.404 
.444 
.384 
.502 
.574 
.593 
* 327 
.347 

.445 

.263 

.262 - 307 
350 

.122 

.149 

.174 

.400 

.191 - 

1.293 

.405 

.436 
* 299 
-403 
.429 
.462 
.386 
.528 
.588 
-599 - 330 
.365 
.408 
.444 
.250 
e275 

.382 

.312 

.347 

.122 

.150 
177 - 193 - 

). 304 - 372 
.395 
.426 
305 

.394 

.425 

.458 
* 385 
* 523 
586 

-599 
.334 - 3513 
.406 
.443 
.250 
.268 
.312 
.353 . 125 
.151 
* 177 - 193 - 

1.304 
.328 
.368 
.417 
303 

.353 

.403 

.446 
,388 
.501 
.575 
.594 
.338 
.346 
.398 
.44i 
.263 
.265 
.306 
.349 
.119 
.147 
.174 
. l90 

1.291 
.348 - 385 
.425 
-295 
372 

.415 

.452 

-511 
.388 

.581 

.596 
-331. 
-353 
.402 
.444 
-255 
.268 
* 309 - 350 
.123 
.150 

.191 
* 175 
- 

( b )  Model configuration 2 

Cp at or i f ice  
- 
M - 

I2 

).3@ 
323 

.382 

.437 

.321 

.343 

.406 

.463 

.417 

- 

.493 

. 5 9  

.643 

.358 

.362 

.282 

.316 

.156 

.191 

.403 

.461 

.284 

.124 

* 173 

- 
8 

- 
1 

- 
5 

0.296 
.361 
.386 
.423 
,325 - 387 
.424 
.464 
.416 
.542 
576 

.641 - 356 

.366 

. 4 l l  

.464 
* 279 
.278 
* 317 
-133 
.160 
.174 
.194 - 

- 
6 

0.294 
390 

.412 

.442 

.318 

.4@ 

.436 

.477 

.417 

.554 

.585 

.645 
* 352 
.389 
.413 
.464 
-275 
.282 
317 
.129 
.160 
.174 
-193 

- 

- 

__ 
11 

)e307 
.364 
.384 
.425 

- 

315 
.387 
.418 
.461 
.417 
.537 
.574 
.643 
* 356 
.361 
.411 
.461 
.274 - 277 - 317 
.129 
.156 
.172 
1-93 - 

4 7 
3.296 - 390 
.4I2 
.440 
-308 
.408 
.434 
.476 
.417 
.554 
.583 
.645 
-3% 
.386 
.412 
.462 - 275 
.282 
.310 
. E 5  
-155 
.169 
.189 - 

9 
0.302 

.355 - 376 

.4l2 

.312 
-379 
.409 
.451 
.413 
-531 
* 569 
*637 
-3% 
.362 
.4@ 
.45p 
.276 
* 279 - 315 
.128 
.156 
.171 
.190 - 

10 

3.302 
.359 
.382 
.421 

.381 

.411 

.454 

.422 
-533 
565 

.648 - 351 

.357 

.402 

.451 

.274 
* 277 
303 

a.C80 
a.117 
“.138 
a. 163 

- 

- 317 

- 

0.65 

.Bo 

1.00 

1.30 

1.60 

2.20 

-0.11 
6.03 

12.13 
18.27 

-.05 
6 *Og 
12.29 
18.44 

* 27 
6.48 

12.74 
19 .oo 

* 15 
6.34 

12.58 
18.78 
0 
6.16 

12.36 
.6a 

6.77 
12.94 
18 4 6  - 

0.306 
.320 
.388 
.429 
.324 

.410 

.461 

.416 

e334 

.479 

.560 

.642 

.357 
* 365 
.407 
.462 
.281 
.286 
* 317 
.126 
.158 
-173 
-193 - 

0.302 
.322 
.378 

.326 

.345 

.429 

.403 

.458 

.416 

.501 

.558 

.640 

.355 
-355 
.bo2 
.459 
.276 
.&4 
-313 
. E 7  
.160 - 175 
.194 - 

0.300 
* 390 
. 4 l 2  
.440 
.301 
.408 
.435 
-476 
.417 
552 

.583 

.645 

.357 

.387 

.414 

.462 

.276 

.283 - 317 

.128 
* 157 
173 

.191 
_I 

LValue not used in computing average cP. 



.80 
10.23 
-.io 
6.13 

12.25 
18.36 

p 
i: ' 

- 
TABLZ I.- TABULATEE TEST RESULTS - Continued 

9 

'" I$ 
b 

( c )  Model configuration 3 

M - 
5 

1.326 - 357 
.375 
.418 
-339 
.386 
.419 
.461 
.446 
.526 
-583 
* 639 
.389 
.382 

.449 

.276 
2 9 4  
.306 
.343 
.080 
.112 
.128 - 159 

- 

.415 

a t  or i f ice  - 
12 

- 
6 

.__. 
2 

- 
8 1 7 9 

1.335 
.355 
.362 
.412 - 332 
.386 
.408 
.447 
.450 
.545 
.580 
.636 

- 

.403 

.421 

.458 

* 378 

.304 

.302 
-319 
365 . 141 

.169 

.203 
- 179 

10 11 

0.65 

.80 

1.00 

1.30 

1.60 

2.20 

-0.11 
5.99 

12.08 
18.23 
-.lo 
6.03 

12.15 
18.23 

6.38 

18.69 

6.25 

18.50 
0 
6.08 

12.21 
18.29 

* 72 
6.69 

12.84 
18.85 

27 

12.54 

- 15 

12.40 

0.339 
.348 
.398 
.454 
.344 
.359 
.418 
.472 
.44e 
.5@ 
.582 
.650 
.404 
.413 
.439 
.46a 
. 3 6  
* 313 
.335 
.374 
.140 
.170 
.I84 
.207 

3.342 - 350 
.397 
.456 
.346 
-359 
.418 
.472 
.447 
.504 
.580 
.658 
.bo2 
.411 
.437 
.465 

'.294 
'.311 
a.327 
'.360 
a.102 

&.160 
a.186 

a.140 

- 

3.326 
.395 
.415 
.446 
-331 
.427 
.455 
.488 
.451 
.581 
.615 - 653 
.401 
.414 
.438 
.462 
.304 - 305 
* 330 
-369 
.143 
.169 
.181 
f201 

1.326 - 392 
.410 
.442 
.324 
.421 
.448 
.486 
.451 

.611 
* 576 

-653 
.LO3 
.422 
.430 
.462 
303 - 303 

-351. 
.310 

.138 

.167 

.196 
- 177 

) * 327 
-395 
.410 
.442 
.324 
.428 
.453 
.484 
.454 
-583 
.615 
.653 
.404 
.423 
.440 
.466 
.304 

.328 

.169 

.eo3 

- 305 

* 367 
.141 

* 179 

1.335 
.359 
.365 
.422 
.334 
.389 
.413 
.453 
.448 
.534 
.580 
.6M 
.401 
.382 
.416 
.454 

'.289 
".302 ". 310 
".347 
'.096 ' . 134 
E. 150 
.181 

3.340 
- 365 
.377 
.431 
.338 
398 

.420 

.462 

.454 - 558 

.588 

.644 

.405 

.382 

.427 

.461 - 303 

.300 
* 323 
.368. 
.143 
.169 
179 

.202 

0 343 
.340 
.412 

.344 
352 

.422 

.487 

.451 

.501 

. S O  

.476 

.661 

.404 

.415 

.446 

.470 
* 305 
.316 
-335 - 372 
.138 
.169 
.i84 
.202 

1.335 
.362 
.394 
.444 - 337 
.385 
.426 
.472 
.450 
-536 
* 589 
.651 
.402 
.404 
.433 
.463 
,302 
.307 
* 325 
8 365 
.134 
.163 
,176 
.198 

+. 

(a)  Model configuration 4 
C, at orif ice  I - 

6 
0.288 

.376 

.439 

.288 
* 391 - 427 
f475 
.358 
.5= 
* 571 
.613 
.355 - 391 
.415 
.465 - 275 
.284 
315 . l20 

.158 

.174 
* 193 

- 

.LO3 

- 
1 

3.299 
.310 
.377 
.423 - 315 
-317 
398 

.457 
,355 
.441 
.547 - 609 
.357 
0 369 
.408 
.462 
.281 
.288 

.115 

.I54 

.190 

- 

.314 

-174 

- 
2 

- 299 
* 313 
.377 
.426 
-316 
.3= 
.bo0 
.458 
-352 
.436 
* 551 
.611 
.355 
.367 
.403 
.454 
.276 
.285 
.306 

'.121 
3.144 
' ~ 6 5  

- 

'.076 

- 
3 
1 * 303 - 313 
.379 
.430 
.318 
-317 
.400 
.458 
-359 
.438 
.549 
.610 
.357 - 370 
.407 
.462 
.278 
.288 

.113 

.192 

-315 

* 153 
.171 
- 

- 
4 

3.288 
-311 - 369 
.425 
.304 
.326 
-393 
.456 
.356 
.46l 
.545 
* 609 
.357 
.357 
.402 
.461 
.278 
.284 
.311 
.118 
.158 
.174 
.I93 

- 
- 

5 
3.288 

.345 

.377 

.418 - 295 

.368 

.408 

.457 
* 358 
.501 
.562 - 609 
.357 
.368 
.4l2 
.465 
.278 
.280 
* 315 
. E 2  
.158 
.174 
-193 - 

- 
7 

0.288 
.375 
.401 
.439 - 297 
* 391 
.422 
.474 
.358 
.514 - 571 
.614 - 356 
.388 
.413 
.461 
* 273 
.284 
.309 
-117 
.154 
-170 
.188 

- 
A 
- 

9 
0 307 

.344 

.3@ 

.412 
-323 
.360 
.bo0 
.455 
.354 
.490 
e555 
.606 - 357 
.362 
.408 
.461 
-275 
* 279 
* 313 
.120 
* 153 
.171 
.190 

- 
10 

0.307 
-351 
* 371 
.418 
327 

.405 

.460 
~ 3 5 1  
.478 
-563 
.612 
-353 
.362 
.403 
.452 
.270 
.278 
.go1 

a.071 
a. 115 
a.137 
a.156 

- 

.360 

- 
11 - 

1.311 
* 353 
.375 
.42l - 327 - 369 
.408 
.462 
.357 
.498 
.560 
.611 
* 356 
* 365 
.411 
.463 
.274 
.278 
.314 
. E 3  
.155 
.17C 
.191 

1.299 
.375 
.LO1 
.439 - 315 - 391 
.424 
.474 
-358 
.511 
* 571 

- 358 
.614 

- 390 
.414 
.463 

,286 
.316 
.120 
.154 
.171 

-275 

.190 

12.20 

1.00 .21 

12.67 
18.91 
.10 

6.36 
12 - 53 
18.69 
0 
6.13 

12.32 

12.90 
18.92 

6.45 

69 
6.75 

1.30 

1.60 

2.20 

- 
Value not used in computi 

. -  - 
average Cp. 



10 

9 

.321 
-347 
.393 
.281 
.340 
-370 
.422 
.230 

0.279 

-386 
.453 
.495 
-355 
-359 
.408 
.458 
-268 
.276 
.310 
.354 
.136 
.157 
.178 
.193 

? 
Iu 
4= 
f 

10 

0.280 
.327 
-352 
.398 
.288 
.344 
-373 
.424 
.226 
-399 
.448 
.495 
.349 
-356 
.400 
.449 
.251 
.271 
.298 
.339 

a.089 
a.124 
a.155 
a.169 

-0.06 

12-15 

-.lo 
6-07 

12.24 
18.36 

.21 
6.44 

12.72 

6.02 

18.22 

18.84 

6.31 
12.57 
18.68 
0 
6.13 

12.31 
18.49 
-0.28 
6.76 

-15 

12.87 
18.94 

0.273 

-359 

.274 
-297 
,370 
.421 
.233 
.335 
.442 

.292 

.405 

.503 

.366 
-407 
,460 
.276 
.284 
.3i3 
,356 
.138 
.163 

-359 

.I84 

.197 

0.278 
.328 
.356 
.bo0 
-277 
*349 
-376 
.421 
-235 
-397 
.462 
.502 
-357 
.365 
.412 
.463 
.e71 
.278 
.314 
.354 
.141 
.161 
.181 
-197 

0.276 
.356 
.386 
.421 
-279 
-370 
-396 
.447 
*235 
.409 
.470 
.508 
.353 
.388 
.414 
.463 
.268 
.281 
.314 
.354 
.141 
.163 
.184 
-197 

10 

3.314 
-371 

.425 

.402 

.417 

.419 

-394 

-317 

-455 

e529 
.578 
-587 
.338 
.358 
.393 
.432 
.258 
.266 

11 

0.314 
*373 
.397 
,427 
-319 
.402 
.421 
.457 
.414 
-531 
.580 
-592 
.342 
,362 
.400 
.441 
.261 
.270 

TABLE I.- TABULATED TEST RESULTS - Continued 
d ~ 

- 
C 
Pav 

I. 278 
.320 
-363 
.408 
.280 
-333 
.377 
.428 
*233 
.377 
.454 - 503 
.356 
.368 
.408 
.459 
.268 
.280 
.310 
-353 
* 137 
.161 
.182 
.196 

- 
( e )  Model confimration 5 - 

M - 
0.65 

.80 

1.00 

1.30 

1.60 

2.20 

- 
I 2  - 

) .276 
.E33 
.353 
.409 
* 279 
* 305 
.363 

.231 

.443 

.502 
-357 
.364 
.403 
.459 

.282 

.311 
-357 
* 133 
.161 
.183 

.424 

* 350 

-273 

- 195 

- 
7 
0.276 

,354 
.382 
.420 
.280 
*371 - 392 
.447 
-235 
.410 
.468 
.511 
.355 
.386 
.412 
.460 
.268 
.2a1 
.306 
.354 
.138 
.160 
.178 
.192 

- 
8 

- 
11 2 

0 * 277 
-295 
.360 
.409 
* 275 
.294 - 370 
.421 
.229 
.342 
.438 
.go1 
.355 
.364 
.401 
.450 
.260 
.280 - 303 
.343 

a.097 
a.131 
a. 162 
&.176 

- 3 
0.278 - 296 

.364 

.413 
277 

.298 
-373 
.421 
.236 
-333 
.447 - 505 
.359 
369 

.408 

.460 
,274 
.287 - 315 
.355 
.134 
* 159 
.184 - 195 

4 
0.278 

-295 - 352 
.408 
.276 - 307 - 363 
.421 
-233 
* 356 
.445 
.501 
-357 
.354 
.bo0 
.4% 
-272 
.2a1 
* 309 
.355 
.138 
.163 
.186 

- 

- 199 

0 - 279 
-355 
.383 
.418 
.284 - 369 
* 396 
.447 
.234 
.4ca 
.471 
.506 
.357 
.388 
.415 
.461 
.269 
.282 

.354 

.163 

.183 

.196 

-315 

-139 

3.282 
-329 
.357 
.402 
.285 
.348 
.378 
.424 
-235 
-393 
.459 

.355 

.362 

.411 

.462 

.266 

.274 
* 313 
.357 
.138 
157 
.180 
-193 

.502 

( f )  Model configuration 6 - 
C 

Pav 

0.304 
- 

- 352 
.386 

.306 

.383 

,421 

.410 

.452 

.405 

.520 

.574 

.589 
-336 
* 356 
* 395 
.439 
.261 

.344 

.169 

.190 

.270 
* 315 

.117 

.150 

- 
M - 

12 

3.314 
-333 
* 371 
.413 
315 

- 

.366 

. L O 1  

.447 

.404 

.506 - 569 
589 

.343 
349 

.393 

.439 

.270 

.268 

.314 

.346 

.113 

.I46 

.16a 

.188 

Cp a t  o r i f ice  

6 7 
0.287 0.298 

e387 -383 
.409 .409 
.430 .437 
-294 -305 
.411 .409 
.419 .419 
.459 .463 
.417 .426 
.541 .538 
.582 .582 
-593 .593 
-337 -339 
.370 .368 
.LO1 .bo0 
.441 .442 
.256 .259 
.280 .279 
.317 .318 
.346 .346 
.I22 .117 

- 
1 

0.304 
.job 

- 

* 358 
.4w 
* 303 
-339 
* 391 
.442 
.388 
.496 
.564 
.588 
-335 
.343 
* 390 
.440 
.268 
.263 - 313 

. u 5  

.147 

.la 

.190 

.346 

- 
2 

3.305 
.306 
.361 
.412 . j o j  
.342 
-392 
.446 
-390 
.493 
.564 
.583 
.333 
.342 
.386 
.434 
.266 
.263 
.310 
-333 

%. 069 
%.115 
5.141 
3. 164 

- 
I_ 

3 

.311 

.363 

.415 

.3d+ 

.346 
397 

.447 
* 385 
.495 
.566 
,589 
-335 
.345 
-393 
.440 
.270 
.264 

.346 

.146 

0.308 

e313 

.115 

,166 
,189 

- a 

,387 

.433 

- 
0.306 

.bo7 

.314 

.413 

.419 

.460 

.425 

.540 

.582 - 592 
-339 - 369 
.401 
.440 
-253 
-275 - 317 
-343 
.117 
.151 

.189 

.170 

- 
9 

0.312 
.368 

.316 

* 391 
.422 

- 396 
.417 
.451 
.414 
* 527 
576 

.588 

.341 

.359 

.396 

.438 

.26c 

.2@ 
* 31: 
.34t 
.11: 
.147 
.16€ 
.185 

0.65 

.80 

1.00 

1.30 

1.60 

2.20 

-0.06 
6.16 

18.63 
-.05 
6.27 

12.63 

-21 
6.74 

13.28 

6.58 

1 9 . u  

6-37 
12.76 
19.11 

.6a 
6.88 

13.10 

12.42 

18.94 

19-71 
* 15 

13.06 

0 

19.35 - 
a.ni I 
a. 161 
a.135 .171 

_ -  
- 
Value not used in computing average Cp. ... 



LValue not 
I 

used in computj 

1 

0.335 
.348 
.395 
,455 
-351 
.360 
.416 
.463 
.469 
.498 
.583 
.649 
-393 
.4& 
.426 
-459 
-300 
-307 
.331 
-369 
.131 
.165 
.178 
.198 

2 

0.338 
.347 
.394 
.459 

.3Go 

.416 

.464 

.467 

.497 
,581 
.652 
-393 
.40: 
.424 
.45: 
.29: 
-30: 
.324 
-352 

-352 

a.Og: 
a.13: 
a.15L 
a.17: 

11 

TABU3 I.- TABULATED TEST RESULTS - Concluded 

(9)  Model configuration 7 
1 

.2 

t 

‘Pav - 
).306 
-348 
.386 
.426 
.322 
-368 
.408 
.453 
.429 
.511 - 589 
.608 
.355 
-372 
.405 

275 
.284 
.314 
.35: 
.141 
.161 
* 17: 
.194 

.45a 

- 

, at or i f ice  
M 

3.65 
__ 

.80 

1.00 

1.3~ 

1.6~ 

2.2c 

.- 

a, 
deg 

-0.06 
6.05 
12.26 
18.32 - .10 
6.11 
12.32 
18.49 
.21 
6.52 
12.81 

- 

19 -07 
* 15 
6-37 
12.64 
18.92 
0 
6.18 

18.60 

6.80 

19.06 

12.42 

* 69 

12-95 
- 

- 
5 

1.298 
* 358 
.379 
.417 
.321 
.382 
.404 
.448 
.428 
-531 
.593 
* 609 
.356 
.367 

- 

.406 

.460 

.274 
* 279 
-31-5 - 358 
.145 
* 159 
* 175 
.196 

- 
12 

1.309 
* 325 
.382 
.431 
.320 
.345 

- 

.402 

.450 

.430 

.487 

.582 

.610 

.358 - 369 

.405 

.460 - 279 

.292 
* 317 
.357 
.141 
.163 - 177 
.194 

- 
2 - 

1.302 
.322 
.386 
.428 
.321 
.335 
.404 
.452 
.428 
.478 
-579 
.604 
.355 - 371 
.401 
.453 
.282 
.289 
.31c 
-344 
3.10: 

5.15: 
‘.134 

3.17: - 

- 
3 

1.307 - 323 
.386 
.431 
.321 
-337 
.404 
.452 
.432 
.474 
.584 
.608 
.359 
.374 
.405 
.459 
* 279 
-292 
.318 
.357 
.138 
.161 
177 
-193 - 

- 
8 7 9 

).3& 
.349 
-373 
.413 
* 319 
.376 
.bo0 
.445 
.427 
.520 
.586 
.605 
.355 
.360 
.403 
.457 
.272 - 277 
-314 
.357 
.142 
.160 
.174 
-193 

10 11 1 - 
0.302 
.322 
.384 
.425 
.318 
.335 
.405 
.451 
.429 
.475 
.582 
.6& 
.360 
.373 
.405 
.459 
.e80 
.290 
* 317 
.360 
.142 
.I64 
.178 
.196 - 

) .300 
* 325 
.379 
.428 
.318 
.346 
.400 
.453 
.428 
.495 
.553 
.609 - 352 
.364 
.bo5 - 459 
.274 
.284 
.314 
.357 
.141 
.161 
* 177 
.196 

1.302 
383 
.403 
.431 
* 325 
,401 
.424 
.461 
.430 
.543 
.601 
.612 
.354 
* 390 
.410 
.460 
.271 
.284 
-315 
.358 

.162 - 175 - 195 

.145 

1.307 
.382 
.LO3 
.434 
.329 
.400 
.420 
.461 
.429 
.542 
.600 
.612 
.355 
.3@ 
.LO7 
.458 
.270 
.284 
.3@ 
.353 
.142 
.160 

.191 
- 173 

1.309 
.382 
.403 
.431 

.bo0 

.424 

.462 

.429 

.542 

.601 

.612 

.357 

.3@3 

.410 
,459 
.271 
.285 
315 
.357 
.142 
.160 

* 325 

- 175 
.194 

0.310 
-352 
* 378 
.417 - 323 
.379 
.402 
.450 
.427 
.524 
.587 
.602 
349 

* 359 
.398 
.451 
.272 
* 277 
* 303 
.340 

a. 100 
a.125 
a .145 
a. 166 

1 - 313 
.357 
.380 
.420 
* 323 
.382 
.4c8 
.453 
.431 
.522 - 592 
609 
.354 

.459 
,271 
275 
.316 
.359 
.I44 
.158 - 175 
-195 

.364 

.406 

‘. 

?r 

(h)  bbdel configuration 8 
at or i f ice  

- 
‘Pav - 
1.335 
.359 
.3@3 
.440 
.347 
.383 
.419 
.462 
.470 
-530 
.588 
.649 
-393 
-395 
.421 
.455 
-296 .m 
.321 
.359 
.126 
-1% 
.171 
.190 

- 
M - 

5 
0.331 
.354 
372 
.420 
.342 
391 
.413 
.452 
.464 
.540 
.582 
.645 - 392 
* 371 

.443 

.278 

.289 

.33e 

.072 

.lo: 

.124 

.144 

.bo6 

- 30: 

- 

- 
12 

1.341 

.410 

- 
.345 

.474 

.356 

.360 

.420 

.47a - 569 

.498 

.584 

.649 
396 
.411 
.433 
.462 
.301 - 307 
e331 
.366 
.130 
.163 
. ~ a  
* 195 

- 
7 

r - 
6 

- 
3 

-351 
396 
.459 
.355 
.360 
.416 
.466 
.472 
.501 
.582 
.652 
* 396 
.4c8 
.427 
.459 
.goo 
-309 
-331 
.366 
.I28 
.161 
.178 

3.341 

* 195 

- 
4 

- 
8 

- 
11 

0.339 
.361 
* 371 
.425 
-352 
-393 
.407 
.449 
.540 
* 550 
.586 
.649 
.395 
.375 
.418 
.456 
-299 
294 
.322 
* 365 
.134 
.163 
* 175 
.196 

- 

- 

9 
1.333 
-351 
* 359 
.415 
.348 
.382 
.400 
.443 
.501 
* 536 
.579 
.645 
392 
.368 
.411 
.452 
.29a 
-293 
.318 
.362 
.132 
.161 
.176 

- 

.194 - 

10 

1.339 
.355 
.366 
.&24 - 352 
-3% 
.bo7 
.449 
.500 
.538 
.582 
.641 - 392 - 369 
.bo7 
.44& 
.2ae 
.294 
.3@ 
.34? 

E.@& 

8.124 
a. 146 
a. 166 

- 
0.65 

.so 

1.00 

1.30 

1.6~ 

2.2c 

-0.06 
5.99 
12.10 
18.15 
-.lo 
6.04 
12.17 
18.25 

6.40 
12.58 
18.76 

* 15 
6.26 
12.48 
18 55 

6-09 
12.24 
18.33 

* 69 
6.73 
12.85 
18.9~ 

27 

0 

1.333 
.338 
.398 
.467 
.346 
* 356 
.416 
.474 
.471 
.500 
.581 
.656 

.429 

- 299 
* 307 
~331 

-391 
.406 

.460 

.365 

.132 

.163 

.178 
* 197 

0.328 
.3@ 
.bo1 
.430 
-333 
.419 
.440 
.467 
.472 
* 569 
.606 
.651 - 392 
.406 
.425 
.456 
.a9 
.296 
323 
.363 
* 135 
.162 
.176 
.194 - 

1.328 
.384 
.399 
.429 
-333 
.412 
.436 
.467 
.498 - 565 
.601 

.394 

.658 

.407 

.417 

.452 
-296 
-293 - 307 
-352 
-129 
.161 
* 173 
.189 - 

1.334 
.387 - 397 
.426 
.340 
.417 
.437 
.466 
.497 
.568 
.605 
.642 
.394 
.406 
.426 
.452 
-299 
.298 
-323 
.362 
.132 
.161 
.176 
.194 - - 

.. 



* -  

.I 

q E 

L, 

I 
c 



..- 

A-24400 

- 

A-24401 
Figure  2.- Photographs of model. - 



i .  r 

, &  

c 
3.750 Diameter 

\- 3.400 Diameter 

Diameter 

Figure 3.- Base pressure o r i f i c e  location. 

c 



16 

# 

1.2 x IO6 

I .o 

0.8 

R Q6 

a4 

0.2 

0 
06 0.8 1.0 1.2 1.4 I .6 1.8 2 .o 2 2  

M 

Figure 4.- Variation of Reynolds limber with Mach number. 



3G 

I 

a n =  0" a n =  6" 
7 8  

Top of model 

i 

Orifice number 2 

a n =  12" a n  =18" 

(a) M = 0.65 

Figure 5 .  - Distribution of base pressure coeff ic ient  over model base; 
configuration 1. 

C r  

C '  



18 

an =Oo 
TOD of model 

CP 

Q, = 6 O  
7 

Orifice number 3 

a, =12" 

I 

(b) M = 2.20 

Figure 5 .  - Concluded. 

.- 

. I  



4 .  

0 . .  

0.2 

L I ?--, 
\ 

0 I I I 1 

cP 
-Q2 - 

-0.4 - 

-06 - M =0.65 

-08 - 

L .  

* -  

- 5 
\ 

-- '\ 
I I I I 

- 

- 

- M =o 80 

- 

0 -  

-0.2 

CP 

-04 

-06 

- 0.8 

I I I I 1 I I I I 1 

- - 

- 

- 

M = l 0 0  M = l 3 0  - - 

0 

-02 

-04 CP 

-06 

-08-  

M=2.20 - 

I I I I i I I I I I 

- - 

- - - 

- M = 1.60 - 

- 
Figure 6.- Base pressure coeff ic ient  versus s t i ng  length t o  body base 

diameter r a t i o .  



20 

0 
r? 

H 

- 
I, 

L 

0 u, - 
I, 

H 

NASA - Langley Fleld, Va 

C .  


